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T-­‐matrix	
  mul6ple	
  sca;ering	
  
calcula6ons	
  for	
  a	
  variety	
  of	
  
arrangements,	
  frequencies	
  and	
  
temperatures	
  
	
  
·∙	
  Complex	
  refrac6ve	
  index	
  
depends	
  on	
  temperature,	
  
(salinity)	
  and	
  frequency	
  
	
  
·∙	
  Length	
  scale	
  factor	
  depends	
  on	
  
frequency	
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-­‐  MathemaBcal	
  consistency:	
  robust	
  parameter	
  
esBmaBon	
  requires	
  PDFs.	
  

-­‐  Physical	
  modeling:	
  DSD	
  comes	
  from	
  a	
  random	
  
process.	
  

-­‐  We	
  want	
  a	
  coherent	
  set	
  of	
  units.	
  
-­‐  To	
  build	
  a	
  Z/R	
  relaBonship	
  with	
  independent	
  
parameters.	
  	
  

-­‐  To	
  analyze	
  microphysics	
  in	
  terms	
  of	
  physically-­‐
meaningful	
  parameters	
  [not	
  a	
  and	
  b].	
  

Why	
  do	
  we	
  want	
  DSDs	
  to	
  be	
  	
  
probabilisBc	
  (NT-­‐linked	
  with	
  PDFs)?	
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Parameters	
  

	
  
NT,	
  m,	
  σ 2	
  

	
  	
  	
  
m	
  and	
  σ 2	
  are	
  physically	
  

related	
  because	
  of	
  hydrodynamics	
  
	
  

[m,	
  σ 2]	
  
are	
  highly	
  correlated	
  in	
  real	
  rainfall	
  

	
  
	
  

so	
  you	
  end	
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  with	
  just	
  [NT,	
  Dm]	
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How	
  does	
  this	
  approach	
  differs	
  from	
  
other	
  DSDs?	
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[Note	
  that	
  units	
  for	
  N0	
  are	
  m-­‐4-­‐µ]	
  	
  

Only	
  apparently	
  similar	
  to	
  for	
  instance	
  	
  
Ulbrich’s	
  DSD:	
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  of	
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Z and T @500 hPa 
 TOTAL COLUMN WATER


TPW
Z and T @250 hPa 
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Guardiola-­‐Albert,	
  C;	
  Rivero,	
  C;	
  Monjo,	
  R;	
  Díez-­‐Herrero,	
  A.;	
  Yagüe,	
  
C;	
  Bodoque,	
  J.M.;	
  Tapiador,	
  F.J.	
  2015.	
  Quan6ta6ve	
  precipita6on	
  
es6ma6on	
  in	
  a	
  small	
  mountainous	
  catchment	
  using	
  X-­‐band	
  
radar	
  data	
  for	
  convec6ve	
  and	
  stra6form	
  events.	
  Submibed	
  to	
  
Journal	
  of	
  Hydrology.	
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